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1 Introduct on .

Fhe nodern city exists as a center o~ inforniat ion ex~~an..y~,
adniai~ trative function , and commercial activit y . However , it would
not he an exaggeration to say that its functions , that is , its activities
all stem from the maintenance of t r a f f i c  and that the life of the cit
depends upon that traffic , and that the cit\’ is t he  product of its
traffic. B e c a u s e  of this , when , even  for  o n l y  a short period of tine ,
traff’c is sudde n l y n a r a l . z e d  due to  ~orne event such i s  a h avv now fall
the l i v es o f the citv l s people  f a l l  i n t o  c h a o s .  her  t h i s  reason , I .~•~nt
t .o a c i ty  w here I could  observe heav~. s n o w f i l l s  to measure  e x p e n d i t u r e s ,
snow removal opera t ions , and c a p a c i ty  to  insure  t r a f f i c  [ f l o w ] .

In general , beyond expend ing  s i z a h i e  SUmS , i t  is a p p r o p r i a t e  t h a t
we c a l c ul a t e  the i r  e f f i c i e n cy  and , aga i n , even more t han  d e t e r m i n i n g
these  r e s u l t s , i t  is of p r ime  impor tance  t ha t  we may h e r e a f t e r  be ab l e
to make these  expend i tu re s  more e f f i c a c i o u s l y .  But , as concerns the
st reet  ~now r emoval  d i scussed  he re , t he re  have been no n r e v i o u s  a t t e m p t s
to gauge actual economic effect. Let us examine the follow i ng several
reasons for  t h i s .

The heavy-snowfall belt is comparatively sparsely populated
and additionall y its traffic volum e is low .

b I . It goes without saying that there is a strong feeling of
r e s igna t i on  concerning  the accumulation of snow in winter.

c) . There are many s topnag es  of w i n t e r - t i m e  i n d u s t r i a l  opera t ions
and , moreover , a l ar :e  por t ion  of types of indus t r ies  such as agri-
culture cannot but he stopped .

d). It has not been customary to oromete hublic works while
measur ing  economic e f f e c t .

E s p e c i a l l y  in the case of highway snow removal, while snow
r e m o v a l  is an annua l occurrence , when s~ r i m g  cones t h e  snow m e l t s
n a t u r a l l y ;  fu r the rmore , it leaves  no t a n g i b l e  t r a c e s .

f ’L An e a s i l y  a p p l i e d  method for e s t i m a t i n g  t he  economic  e f f e c t
had not been developed .

Ho weve r , in recent  years , p o p u l a t i o n  has become c o n cen t r a t e d  ev en
in the c it i e s  of the h e a v y - s n o w f a l l  b e l t , and accomp any i n g  the evolution
of “m o t o r i z a t i o n ” , there  has been a sudden increase  in h i ;h tcay  traf~ ic
volume . Al SO , the i n d u s t r i a l  f ramework  has changed in o rder  to s u s t a i n
dense populations; the trend has switched from one shift Iwork shift i
industries to two and three shift industries that have  come to ~nerate
their production facilities continuousl y . Consequently, the importance
of highway snow remova l in winter has increased and graduall y the
amounts :nvested in it have hecome enormous . Cn the other hand , when t he
expenditures hecane great , naturall y , their efficienc :.’ was questioned ,



and the idea t h a t  we had to promote t h e s e  h r o i e c t s  w h i l e  gauging t h e i r
economic e f f e c t s  bec ame impor t an t . However , aga i n , a method of esti-
m a t i n g  t h e i r  economic  e f f e c t  had not been developed . Highway snow
removal  is p a r t i c u l a r l y  impor t an t  to c i t i e s  and their outlyin g distr i cts:
i n a d d i t i o n , t he  method of e xp r e s s i n g  i t s  r e su l t s  i s  c o mp l i c a t e d , and
wh atever  one m i g h t  s a y ,  s i n c e  i t  is a s h o r t - l i v e d  phenomenon , s imp l’ :
a d a p t i n g  a me thod  for e s t i m a t i n g  t he  economic e f f e c t  on o rd ina ry  roads
h as  been an i n s o l u b l e  p rob l em .

T h i s  s tudy  e v a l u a t e s  economic e f f e ct s  one h~’ one and a t t e m P t s  to
a d v a n c e  calculations from the point of view of t h e  c o o r d i n a t e  e s t i m a t  ion
m e thod  to  de t e rmine  and f o l l o w  the  process of the  develo mmen t of ec onom i c
e f f e c t .  That is , the  economic e f f e c t  u n f o l d s  acco rd ing  to the  f l ow  of
t r a f f i c  t r a v e l i n g  a long that  road : and i t  s t i m u l a t e s  the area ’ s ec on omic
s tanda r d , even a f f e c t i n g  the envi rons  h a c k i n g  on tha t  road . In  o ther
wo rds , in the r e l a t i o n s h i p  between the  f l o w  of t r a f f i c  w h i c h  t r a ’.’e l s
a lo ng the  road and the area ’ s economic s t ruc ture  l i e s  the deve lop m en t  of
ec c r . o n ic  ef f ec t~

In my opinion , the results of observing th. macroscopic nature of
t h e  t r a f f i c  f l o w  in d e t a i l  have conf i rmed  the  hypo thes i s  t h a t  traffic
volu m e is i r r e g u l a r .  Fur thermore , I combined t h i s  with the  t r a~~~ic
v o l um e - p r o d u c t i o n  income f u n c t i o n  model , coordinated it with the d i r e c t
and L n d i r e c t  be n e f i t s  of h i ghway snow removal , a nd t r i e d  to  est i~n :1te 

by

u n i t  of currenc . A l s o  snow removal expenditures have not k een i t e m i : e d ,
-ut  c a l c u l a t e d  as lump sums , and I have t r i e d  to estimat r~ t h e  eco n o m i c
e f f ect and rn ah e  a c o m p a r i s o n  of i t  w i t h  the value of i t s  b e n e f i t s .

2. View on Est r’iatin o the Economic Effect of S t r e e t  Snow Remova l .

In  general , to  e s t im a t e the  eco n om i c eff ect o f a r oad , t h e  relatHn-
sh:p of the t r a f f i c  f low sys t em to the area economic 5 stem is d e t e r m i n e d .
‘~t r cet  snow removal , too , may be v iewed  i n the same was’. That is to say ,
if  an a c c u m u l a t i o n  of snow on the s t r ee t s  causes a n e g a t i v e  c h a n g e  in t h e
t r a f f i c f low sys t em , then t h i s  t r a f f i c  f l o w  sys tem i~h i c h  has  r e t r o gr e s s ’d
‘.~i l l  b r i ng about a d e c l i n e  in the  c i t y ’ s economic act ivit y .

H ow ever , st r e e t  snow removal  suppresses t h i s  n e g a t i v e  change
:rnp csed upon the  t r a f f i c  f l o w  sys t em and the  r e su l t  is a r educ t ion  of
t he  d e c l i n e  ~n the  c i t y ’ s economic  a c t i v i ty . Th i s  is the  economic e f f e c t

f s treet  snow remova l .  Consequen t l y , in  t h i s  study , I j u s t  took the
n e g a t i v e  change which  an a c c u m u l a t i o n  of snow on the  s t r ee t s  imposes
upon the  t r a f f i c  f low sys t e m as a decrease in the  t r a f f i c  volume , and ,
sec o n d l y , I have t r i e d  to  e s t i m a t e  how the decline of traffic volume
a f f e c t s  the c i t y  r e s i d e n t s ’ income .

(1) Decflne of Traffi c Vo l ume W ith Respect to Snow Accumulation .

Norma l ly , the largest portion of traffic within a zone i-j passes
v ia the shortest through-road k , hut when this is interrupted by a snow
accumulation or when it falls into a jam , traff ic becomes ac ti ve on
detour route 1. However , because traffic resistance on detour route 1



is great compared to that of the shortest through-road k (e.g., as
nan: fested in the tim e necessary to travel it , etc.), the traffic bei ng
u n a b l e  to overcome t h i s  r e s i s t a n c e  mai’ he abor ted . .•\c c o r d :n g l v , k is
:n t e r r u p t e d  , or t h e  t r a f f i c  vo lume of the  i n t e rv a l  i — i  is dec reased  h.
.1 1

~ {’fl

I carried out the  f o l l o w i n g  i n v e s t i g a t i o n  of t he  gap p a rn  ~~ rv
t r a f f i c  f low in o rde r  to  measure t h i s  decrease  of traffic volume . ‘ h i t
i s , from Friday , August 15 , until Tuesday , .•\ugus t ~~~~~ , 19h , three dav~
e x c l u d i n g  satu rday  and Sunday , I ca rr ied out my invest iga tiom of t r a f f i c
volume at 26 p o i n t s  of the whole  c i t y  from seven in the  m o r n i n g  u n t i l
seven at n i g h t . ~oreover , I se lec ted  days w i t h  road c o n d i t i o n s  t h e  sane
as on these i n v e s t i g a t i o n  day s and I conducted running-speed investi-
gations using test vehicles~~. Next , from ‘londav , January 5 , to Thursday ,
January 11 , 1968 , four day s , I investigated traffic volum e as I ha d
previouslY from seven in the morning until seven at night at 1l of the
investigation points of the previous year ’s summer , ta king tu e Ol mp:c .a”
as w e l l  as the impor tan t  snow remova l a r t e r i e s , e t c . , i n t o  c o n s i d e r a t i o n
and conducted  a runn ing-speed  i nves t i ga t i on  aga in  in P eb ruarv of the same
;ear.  I ex t rac ted  the summer and w in t e r  t r a f f i c  volumes  and the  r e s u l t s
of the running-speed i n v e s t i g a t i o n s  from t h i s  d a t a ;  ma ,t ched the m:  and
computed the t r a f f i c  work volume : Tk t k de f ined  as t he  c u m u l a t i v e

product of the  t r a f f i c  volumes T, . and the  r e sn ec t i ’.’e t r ave l  t imes  t~
as o u t l i n e d  below (F igure  1).

.dokko D~nji ~otoni Blvd .Observation Point Obser v ati on Poi nt

F i g u r e  1 .  T r a f f i c Work  V o l u m e
Co m p u t a t i o n  Method .

a ) .  I drew a t r a f f i c  f low :one d i a g r a m  accord ing  to t h e  O O i n t
t r a f f i c  volume .

I computed the  average t r a v e l  t i m e  s p l i t i n t o  d i s t a n c e
i n t e r v a l s  a c c o r d i n g  to average  t r ave l  speed .

c ) .  I computed t h e  t r a f f i c  work volume of these  i n t e r v a l s
( v e h i c l e s  ‘ t ime) by n u l t i o l v i n g  the  t r a f f i c  v o lum e ( in  this case t a k i n g
the number  of v e h i c l e s  t r a n s i t i n g  the  p o i n t s  i n  e i t h e r  d i r e c t i o n  during
a t w e l v e  hour  per~ od~ by t h e  average  t r ave l  t ime .

d) . I computed the  t o t a l  t r a f f i c  work volume for  ~apporo C i t Y
by t o t a l i n g  the  traffic work volume of the r e spec t ive  i n t e r v a l s  for the
e n t i r e  C i t y .
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The r e s u l t s  are as in  Chart  1,

I

Figure  2. Comparison of Summe r
Traffic Vo l ume C -ui th Winter Traffic
Vol ume ,

- - -. -

- 
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“ ‘- - - - - — 

/

-i - - . ‘ - ‘ 
.
--. .

- - -—---- ‘ - —~~~-- - -_ -‘

I ’d . 1

Fi gure 3. Comparison of Summe r Traffic
Work Volume and Winter Traffic Work
Vol ume .

Figure 2 compares the summer traffic volume and the :%inter traffic
volume at the various points , and as could he predicte ii , the summer
traffic volum e was greater than the winter traffic volum e on most of
the routes: however , the winter traffic volume was much greater on one
portion of the routes, This may he because of the diversion from routes
from which snow was not removed to routes from which snow was removed .
As for the compar ison of the totals of traffic volum e points live this ,
if we take the summertime as lflO°~, the winter was S6 .3°,, and a difference
of about l3 .7~ can he seen . On the other hand , if we look at the traffic
work vol ume , as can he seen in F igure 3 , the decline is sini lar , with the
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summer vo lume . t t  100 ’-. , the is in ter  volume comes to 99° . and the d i f fe renc:
does not :x ceed :1 s c : t n t  1~~. ~f course , we cannot reach Co nc lUS ions
from this ~ne  f a c t .  hut i f  :~e can a ss ume that in th is  —~ne c i t ’ . the
summer ’ dail y t ra f f i c  :sork v ol- r ole :-, i l l  he constant in the w in te r :  w hen
we invest içite the ~iioaner ’ S ‘Iai lv t r a f f i c  volum e -: T

Ok 
and averai.i e

o’~oui red t ravel t ime t~~, and the winter ’ s average rell i i red t rave l  t ime t ,
then ‘.cc can ca lcu late  the w inter ’ s daily t ra f f i c  vI)lUrfle T T,

i~L ~ ~~~~~~~~~~ I
~~

. F , 
i i )

.1 1 . —  ‘ a .1 1 ,~ (2 ~
Consequenti ’.’ , t he difference betw een the summer dai ly  t ra f f i c  ‘:o~umearid the wi nter da ily t ra f f ic  volume LT is

~~~~ Z h — _ ‘ ,a ~~~~~~~

I f  we try to eliminate this dif ference 1w Street  5flO~~ re m ova l , this
i s  t he road snow removal ef fec t  which is manifested as the di f ference
of traffic vOlume .

(2) T- -~ff i c Volu m e-Prod uction Income Function Model .

F o l l o w ing the road economic effect estimation method according to
the Tinh ero~en model for the effect of snow removal which is manifested
as the difference in traffic volume , I tried to construct a traffic
-;oloirit ’-product ion income function model in order to express the difference
in the cit ’ s residents ’ production of income ,

a), The relationshi p of traffic volume to the production invest-
Cen t factor ,

If - -.- e :et the constant ~ he the load capacity of a vehicle and \
-e the nrod’icti .on investment factor , there may he considered to ba~ ~
:ironort ional rel:it ionship betw ee n the vehicular tr:iffi c volume T :tn,i the
~:1ctor X .

a =N L ( ,\  1) — ‘I ( a ,

V_ a l F — . i ’°:,, a = ,~~/ ‘  .a (s ’)

prov~ de-J that  ( ,‘ m ’ )  = m is transposed to (-~ n ’’ m ’) = n.

That t~ to sa~’ , if there is an increase in the production investment
factor , the tr aff i c volume will increase proportionately. Conversel’.’ ,
:~e can -ilso ~a. that in increase in the traffic volum e means an increase
in the production investment factor .

-8-



i)n the other hand , in our count rv of toda\’ the circul at ion of the
production inv es tment factor cannot neg lect vehicular traffic, For
example , ev e n t h’ ’u~ h a I ari~e ;‘ort ion of t rave l  is by tra in , boat , r lane
e t c . , on either end , ~eaerall~’ , an automobile is involved , Because o’
this , if T = 0 , then -ce max’ say that X = 0 , .-\ccord inglv , when we na~ en = ~ in eon- it ion ~ , ae der ive

X = m T  “s)

The re lat ionshi p of the production investment fac t o r  to
nroduct icy income.

The relationship of the production investment factor to production
income may b~ expressed by the so-called production function.

The product ion function generally satisfies the two ‘c iloi~in g
cr~ teria

11) . l~hen the production investment factor X increases ,
production income Y increases (corrected as to the limits c f  produc t i v i ty

(7)

(2) . However , the rate of increase diminishes ~he la~.. of
diminishing return of production investment factor)

(S~

In the function model which sa t i s f i es  these cond i t ions ,

i — ~ ,V’ ~
( . 1 )  - .10.1)

we can consider the exponential f-in ction above . That is to say ,

(1). the co r r e c t ed  li:a~ t of p roduct iv it - ’.’

a) Y -
- ~~-~~‘ .aLY 0 - I )

I , ’, - 
(10 1

the law of di rti nishing return is

F - 

(11)

I f  we adopt an exponential function- lile equation (9~ as the
prodUction function ~n this , we derive from this and equation (6~ the
following relationship of traffic volume to production incor’e

(l~~
That is to say , the relationship tietween the t r a f f i c  -.‘ciILmC of that

district T and of the production income Y may he exrrossed in the form
of an exponential function -like equation (121 .

-9-



I have  provisionally named

~~ = ,‘ l b . -‘ I I , - / ,  ,
~~ (I

the traffic volume -production income function model ([in English ] tra ffic
volume-product model).

( 3 )  ~~~~~~~~ of Estimating the Economic Effect of Street Snow °.er”oval ,

The traffic volume-production income function is the prominent ‘tr-’up
ahove wh i c h  should serve as a starting noi nt.

Now , if the travel time t~ plus t is increased b snow accumulat ion ,

we can calculate the decreas e in t raf f ic  volume ~T according to equation
(3) hr putting aside the assumption of a f ixed traf f ic work volume .

A gain , accompany ing this decrease in try ing to point out the t r a f f i c
‘.-olame-productio n income function model , it seems that production income
w ill decrease from Y0 to Y. If we are able to suppress the increase in
travel time by highway snow removal , the traffic volume will root
decrease , and consequentl y, the decrease of producti on income w i l l
disappear. That ~s to say , production income ,tY , wh i c h  p re v en t ed th i s
decrease , is the economic benefit of road snow removal , and ice can
estimate the economic effect by comparing this to the expenses necessary
for snow removal operations . That is to say , if we make B the economic
benefit which is produced by this and if we make C the expenses wh ich
are necessary for snow removal operations ,

‘~~ I (14)

and the expense x benefit ratio a may be expressed as

(15)

3. Estimation of the Economic Effect of Road Snow Removal in the Central
0rea of Sapporo C i ty .

[very year Sapporo Cit .~ expends great sums of over 100 ,01)0 ,000 yen
carrying out snow removal operations when winter comes , stri vinl to
.uar-lntee road traffic. As for this , much of the lives of the cit ’s
residents depends on the road traffic and this is because interruption
of road traffic is direc tl :.~ related to interference with the lives of
the residents of the city.

Snow removal eliminates this interruption of road traffic and i s
extremely important for the maintenance of the lives of the city ’s
residents in an emergency. I have tried to determine this importance
ou ant itat i ’.-elv , and to estimate it takin~ the central area of Sapporo
fit’.’ for my example , especially for the estimation of economic effect
by the method which I outlined in the previous paragraphs.

-1 0-
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a ) .  Subject Area of Estimation .

The subject area of estimation is the central area of Sapporo City
as shown in Figure 4. All the means of transportation of Sapporo City
are concentrated in this central area and also a large portion of
personal trips made for commuting to work or commuting to school pass
through this area or have their starting or finishing Doint there .
.\ccord ingly, the paralysis of this area ’s traffic brings great harm to
all areas of Sapporo City and to the lives of the people of the whole
city.

b). The Minimum Base Road Network and Eniergencv Road Networ k .

Because national highways , main roads , city streetcar tracks and
two or three other roads are the minimal roads essential to prevent
isolation of areas , these are taken as the minima l base road network
and must not he disabled . Generally , snow removal of national highways
is carried out by the Hokkaido Development Bureau : main roads , Hokka ido:
and streetcar tracks are cleared by the Sapporo City Traffic Bureau .
When all of these roads are disabled , for exa mp le , even for a single
day , there is a risk of fatalities among the aged or children . In
addition to this there is the emergency living road network : in order to
he able to utili :e both the aforementioned minima l base road net~ orks
and the emergency living road networks , first of all the emergency living
roads must be maintained . The snow removal funds which are expended by

the Sapporo City Construction Bureau are the funds for the purpose of
snow removal from this emergency living road network .

— 11—



(fl . In fluence Exerted ott Tra ’fic ‘Jolune by ~rad m O - .- ,’ ~~~n-j~~1 -

I d iv ided the centra l  area of ‘-~aprooro C j t a ~ into zones i c c o r d : n g  ~~o

t he :one di’ :isions of the l9 a S V ehicle Traffic ~tart in 1 and r i ni ~ !- in 1
I’oi nt Invest :~ at ion

5 wh i ch ~annoro City carried out in l9~’~ I soulht
the difference IT ~‘etween traff ic volume I in the case of ~n-m r’:~ ~‘aI
-~~~~ iust toe mint ma I base road network and traffic volume T0 in the c ’ l~~ a ’

of snow removal o~~ H~th the m inimal ‘nase road network and the a r - a n -c -.’
1 ~a~’ im~ road netwo rk  t h rnu ~ h the fol lowing coi lc ula t  ion or ~c e s ;  co ’ .nce r ’o i
the traffic a~~,t .,lme and the various zone pairs. !°~at is , thi ~ .1:
of t r a f f i c  volume IT is the t raf f ic  volume which has heen naint - i  red ‘ v ”

removing snow from the emergency living road nettcor l  an~ nay be co ns i !er’~,l
as the ef fec t  of st reet  snow removal.

Cal  cu 1 at ion Process .

I). The movement on the road netw ork 0 c t r a f f i c  ‘,‘o lnne
(enerlencv t ra f f i c  volume) T0 in the case where snow is removed from ~oth

the w ase road network and the living road netw ork and t ra f f i c  —~or~ \ ‘Oi’cne
is calculated .

2 ) .  As for the living road network , let us hyrco t~ esi :e
t:o:lz it necomes congested by not being cleared of snow , and let us
calculate the traffic work volume W’ which has the small traffic volume
T’ from the emergency traffic volume T

0 
in respect to the base  road

network which is opened up.

3). While compensating for’
s 
T’ , I duplicated the calcu-

lation of 2) to find T’ when W = W ’ , and made this traffic volume T in
the case where the base road network is cleared of snow .

4) . I looked for the difference in traffic volume IT
h~ subtracting traffic volume T in the case where only the base road
network is cleared of snow from the emergency traffic volum e T~ .

When I applied this to every zone pair which is related to the
central area , the result was Chart 2. That is , the total difference in
traffic volum e was l ,692 vehicles.

(2). The Sapporo City Traf fic Volume-Production Income
Fun ct ion Model.

~Ve can express the benefit achieved by road snow removal as units
of traffic volume , that is , vehicles by number of trips. As for that ,
how much does that traffic volume contribute to the formation of the
city ’s production income ? If we wish to be able to know this , we can
express it as the economic benefit from road snow removal taken from the
chan ge of the amount of production income. h

C may use the traffic volume-
-production income function model for this.



CHART 2. E~ FECT OF SNO W RE MOV A L E XPR ESSED A S D IF FE~ ENCE I # J IPAF FIC V 1ILfM E

Traffic volume
to (veh ic les /da y )  T r a 1f i c  vol ume Ii ~rence i n

:one w hen base and T r a f f : c  work T ~-;eh ~c les  d ot - . t r’ f f :  v o l -o re
pair emergency net — volume a,’ when oni. - ~~- i s u  ‘ - .eh ic1e ~ Ia’.’)

works are cleared (veh ic les~ tine) netw ork is c I e a r e I = ~~ - 1’

2 ’ ° l—2 ° 2  50 ~~2 3 2 32  -~~~~ 040

21 °-2 o 1 5 2o-i 3’~’l 5 121
220-2°2 14 010 1 400 12 j 1 5  1 312
21l-2°I 9 ‘TS S6~ 9 539 ISO
2 1 1 - 2 0 2  33 310 2 5~ S :~ ne-s 

~
;‘

2 12 - 2 0 2  6 6~ 9 893 e h3

213-2 0 1  15 859 1 341 1. 3 o80 l 2
213-202 36 138 2 243 35
2 13-2 10 2 103 193 2 11S2 21

~~4-2°l 12 39b I °5’ 12 115 S1

214-202 S fl95 2~ 2 — 

~‘20
215—2 01 11 130 505 10 50.1
213—202 8 232 51h — 355
216- 210 12 013 1 32h 9 ta lS 2 3 0 5
2l?—20l 13 488 891 13 3e-~ 12 1

2F-2°2 16 651’ 1 41~ 16 555
:l?-2l3 4 505 531 4 346 159
211-21 4 2 1~6 211’ 2 434 32

2~ 2 SO S 20 923 245 205 1” e92

To construct the t raf f ic volume-production income function model
under actual conditions , I had to prepare simultaneous traffic volume
investigation results and production income fiozures. Ilotc ever , there
were the traffic volum e investigation s for 1962~~, 1965 and 19bS~ and
cite citizen income statistics from 1960 through 1963 for the ~~~ of
Sapporo to he used as data for this; and among them , then , simultaneous
data for each of the three points of 19~~ , 1965 and 1968. From these .
I constructed the traffic volume-production income function model. Th en
for the city residents ’ essential dail y income amount , I divjded the city
residents ’ annual income he 365 and then converted it into IOt S m on ey
according to the Sapporo Cit : wholesale price index (Chart 3~ -
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CHA RT 3. SAPPORO CITY RESIDENTS’ PAILY INC OM E AMO ONT AN D T~ A r~~IC 
a l o L H~A F

— 

\ni ua l C C i ~~~~~r ”
ci ty clti: en s daily Pr ice essent i - i l Tra~~~:c

- nc onc - income~ index do i lv n~’one ‘ vo lam ’
(1 000 yen) Ii 000 yen) ~~i96S = 100) ~1 10’) 

~~~~ I (vehiclesl

1°o-’2 I S 12 1 - 953 452 4 0 3  86.98 520 10,0 2°’- 5 10
257 S~~ 2 55  a fl~~ 433 HO 5e 35: ~95

~10 514 1 113 ~l0 
‘ 

1~~° .~~0 1 113 51 - )  -
~~~~~

~~~~~~ annu al c i t e  residents ’ income eron the results of a *mrporo C : t e  s t a t i ~-
t ical inve sti~ :ition : report on an estim ate o~ the income of the r e s i d e n t s
o~~ °aproro C i ty .
~ 1~~~~~’.- res iden ts ’ dail’. i n c o m e  = annual ~ncome -’3~ 3,
The Price index is accordim~ to the !t okh ai 1.o (‘on n e r c e  and Tra 1 e \rn’~’il

st cal  ~c” rt corrected so that the °a oro Ci t e :‘,I-ooiesale ‘rice Index
-~~~ l5~ -S =
-e ssent ia l  da o l e  res id en ts ’ income = dai ly residents ’ income d i v i .1.ed “

~~
‘ ‘ the

Fr~ce tndex.

~The 5aproro C i ty  area (including leine “achi ) total automo b ile traf 0ic volume
(v e h ic les  ‘d oe 1 -

If we apnle an exponential f unct ion lile equat ion (13) as in~ th is
data we deta in

Y= 451 . ~ 59 ’J’ ~~ (16)

dY - - , - -.
~~~~~~~~~~~~~~ r

(Figure 5).

: 7  _
II .~U -

‘ - .~ )

h a i l  v tr a ff’ c volu me
( ‘ .~O l 1 1 C I a O S

~i gure 5. T r a f f i c ‘/olum e- Produc tion
Income Function Model for c aonoro Cit e .

~ :th only a scant three :.‘e:Lrs ‘ da ta to su~’st~ nt iat!e this tra~~
’oc

volume- production income function model , I do not know ’..hether or not it
w i l l  be c r i tici ze l as not ‘nein~ rel iable. Towever . this model the °ret :coill v
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~upnort s , as I ha’.’e show n above , that the minimum swia re method loes
not apply alone. Furthermore , I think that this method o~ ise  can serve
the purpose of this paper fully because it it ii izes the relat ive .‘oilti es
of the po i n t s  for  the :.‘ear 1968 while in terpo lat ino~.

(3) Exoense ‘ Renefi t Ratio an -i Excess nen e fit.

a). Va l ue of bene f its derived ron road sno t renov~ I

If we remove snow as completely as P O s S 1 ~’ ie , - -eh icular  tra~~~c ‘-;o 11
aoproach the traffic volume of usual tine s and we will he a’~1e to
ameliorate the harm caused he failure to remove snow so t ha t  the cit ’--
residents ’ lives , too , will return to normal. The amount of this
amelioration as I mentioned earlier may b e considered as the ‘~a1ue o e

the benefits of snow removal.

In (1) 1 calculated the influence o” road snow remova l in centra l
section of Sanporo City as l~

’,692 vehicles/da y and asked what import this
had or the income of the residents oc the ci ty . In assessind thus , it
was aprronriate to use the traffic volume-nroduction income funct ion
model w h i c h  I constructed in ( )

- -0 ,4, 4From the euuation (dy/Pt) = O ° . °:D T I oht a~nerl

d Y . !  
~ ., ,,, ~ o’ (1 ,000 ‘.-en,” ve h icl es ) (15)

r , , .- ,  -~ 0 (1 ,000 yen , veh i c l es )  (19)

That is , in the case of the daily traffic volume of 715 ,565 vehicles
(1°~ S) , for one vehicle of traffic volume , 827 yen of production income
was consumed and in the case of the ~57 ,S73 vehicles which when subtracted
from this to yield IT = 17 ,692 vehicles , it consumed 333 yen, Reco~usethe 1968 cite residents ’ essential daily income is Y = 1 ,113 ,310 thousand
-‘en and the dail y traffic volume is T = 7’5 ,565 vehicles , (Y1T’) = 1. 4361
thousand yen and flexihilit ’-’ is

= ( 
~~ (~

) = ~~ a , 
(20”

and the traffic ‘;o lume-production income function model e )uation (It’l index
o~ T is equal to 0.576 .

h’eil , if we do not remove the snow from the normal l i v i n ~ road networ~ ,
the traff !c volume decreases to 757 ,373 , but acconoan\’ing this ho~. much
lower wi ll the production income he? This can be calculated simpl e iron
the followin 4 eutiation if ice use the flexihilit ’.’ r, ,

From equation (20)

- ,n- .1-i ’ .!~ ‘ ,,~‘t .1! . 1 -
- - - (211
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T = 57 ,S33 vehicles is

T . - = 
- 

‘KJ - thousand yen . ( 22

The decli ne in the c~ t residents ’ production income is

‘ a ’  - . - ~~~~~‘~0 thousand yen. (23-

~!owever , this dccl inc can he prevented be snow removal and the iiao il flt
tp, it i s , the value of benefit can he made B =

b). Expense bene fit ratio.

\ccordini~ to the actual invest i’~ation o~ the cannoro Cit e Poad
‘hi:ntonance f lep:irtnent , road snow removal expenses 0 c the type indicated
in F Lz’ore 2 increased the personnel expenses o~ city workers and totaled
2~1n ,000 thousand yen for 1963. On the other hand , the snow renoe-t l m en od
is Poccmi’er , -January and February (three nonthsl and because it is °0 days .
the snoi~ removal expenditure for one day C is

(‘ -=~~iO(~ si ‘~~~=~~ ~-~o thousand yen (.241

~nd so we  can calculate

Expense benefit ratio UC 
~~~~~~~~~~~~ 

~-Oi 7

The problem in this is the method of determining minimu m ha~~ road
network necessary for maintaining a minimum o~ the city residents ’ lives.
This is because even the value of the benefit changes considerable in
respect to the quantity of this. In this study I have referred to the
opinions of the Sapporo City Road ~1aintenance Department and the Ci ty
[lanning Department and taken them as in Figure 1 . Even if there were a
change in the base network , the calculation procedure would he completel y
li ke that above.

~~~. Conclusio n .

Pet urning to the basic point of the method for estim ating road
economic e”fects in this naper , irst  of all I studied the de ta i l s  o~ the
pheno menoloiz ica l system ca l led  veh icular t ra fe ic  “low and t he oh e n o ’~,eno-
logical system called urban economic construction . The result was that I
tried to calculate the economic benefits in currency units ~~~ an arg :inic
com bination of both the previously established “Hypothesis of Fixed
Traffic l~ork \‘olum e” and the later traffic volume-production income
“unction mod el which I constructed . I obtained the output from the
norma l expense- benefit r-itio , plugged it into me value system and or’wo-~ed
a method for o’to i ni n ~ the economic ef”ect o~

’ roads. Fina ll y , I apn)ied
this nethod to the case of road snow removal in the centra l area
Sannoro Cite in 1968 and estimated the expense-bene ”it ratio as 5.7.

This method is culled from the customary methods of the total esti-
mation method and i~ s attained l i m i t  of economic effect is not local nor
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can its time of influence he applied in cases t ha t  are momentary . If the
attained limit of its economic effect were local and if it were momentar~~,
I thin k it would he sufficient to estimate t h e  d i r e c t  e f f e c t  t a~ ing th i s
is a hose, calculating the surplus o~ traf~

’ic cork volume (tra~~ ic volume
average travel t ime) that mae he nroduced I~ ice do not hui id new roads ,

inprove exist in g roads or repair roads. Pere a~ ter ma n~- ’ prrd-lens remain
for the naior points of this methoc! -~‘h ich I have presented , the ‘ ~-0 0t i , 0~~~

of Fixed Traffic ‘ -‘ork Volume ” , and the “Tra”fic ‘ ‘)Iune- °roducti )n Income
- imc t ion ‘‘c’del” . That is , this hepotbesi s and this model ire laci in ,g in
corrob,’ra:i’.’e evidence hecouse there — s-as only a small ‘~nount 0 C dat’i u= ed
in their construction .

T n carrying out this study , I received the guidance of’ rrofessor Ogiwo
1(irojo of Hokkaido Universit’.- from start to finish. -\lso , I rece ived
offers of valuable data from the Sapporo Cite Planning ‘~ection . I express
my deep written gratitude to all of them .
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